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PROBLEM TO BE SOLVED: To suppress loss in a voltage increasing circuit in an after stage which a 
voltage increasing circuit in a before stage suffers and enhances the voltage conversion efficiency of 
a power circuit, by using a different cycle for all or part of the cycles of clocks for operating 
respective charge pumps of voltage increasing circuits in a plurality of stages. 
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inputted thereto. Here, the switching clocks CLK1 , CLK2. CLK3 are set so that the cycle of CLK2 is 
two times that of CLK1 and the cycle of CLK3 is four times that of CLK2. As a result, the voltage 
conversion efficiency of the entire power circuit can be enhanced. 
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A. Relevance of the Above - identified Document 

This document has relevance to claims 1, 13, 14 , 
and 24 of the present application. 

B . Translation of the Relevant Passages of the Document 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 
[0009] 

The basic unit of the charge -pump system is a x2 
booster in which an input voltage and a switching clock 
is inputted to two capacitors and electrical switches, 
whereby an output voltage, which is integer multiples 
of the input voltage, is obtained through .multiple 
stages of these x2 boosters. 
[0010] 

The foregoing booster requires a x6 voltage, which 
is obtained by three stages of the basic x2 boosters. 
The voltage is boosted two times in the first stage, 
four times in the second stage, and six times in the 
third stage. Further, in the foregoing boosters, the 
switching clocks inputted to the respective stages of 
the boosters all have the same period. 
[0011] 
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Given the same capacitance of the capacitors used, 
the characteristics of voltage conversion efficiency of 
the charge-pump booster are decided by a switching 
period and a load, wherein, when a load is small (small 
load current) , conversion efficiency becomes high at a 
relatively longer switching period, whereas when a load 
is large (large load current) , conversion efficiency 
becomes high at a relatively shorter switching period. 
In the case where the boosters are provided in three 
stages, the load of the booster of the first stage 
includes not only the actual load current but also 
losses of the boosters of the second and third stages. 
Similarly, the load of the booster of the second stage 
includes, not only the actual load current but also a 
loss of the booster of the third stage. As a result, 
the magnitudes of . load currents of these different 
stages of boosters become different. Thus, when 
switching clocks of the same period are inputted to 
these stages of boosters, only some of the booster 
stages operate under optimum conditions, and conversion 
efficiency of the entire booster suffers. 

[EMBODIMENTS] 
[0028] 

Fig. 1 is a block diagram showing a power supply 
of the present invention. Fig. 2(a) ' shows a concrete 
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circuit structure of a switch section, and Fig. 2(b) 
shows a schematic circuit structure of the switch 
section. Fig. 3 is a block diagram of a x2 booster 
which is structured from the circuit of Fig. 2. 
[0029] 

First, the following describes boosting operation 
of the x2 booster of the charge -pump system, with 
reference to Fig: 2 and Fig. 3. 
[0030] 

In Fig. 2, CI and C2 are coupling capacitors, Dl 
and D2 are diodes, Rl and R2 are resistances, and Ql 
and Q2 are FETs . The FET (Ql) becomes ON when the input 
signal to the CL.K terminal becomes High level, with the 
result that the input/output terminal VI/O is charged 
to a higher potential (VH) . Here, the FET. (Q2 ) is .OFF. 
Further, the FET (Q2) becomes ON when the input signal 
to the CLK terminal becomes Low level, with the result 
that the input/output terminal VI/O is charged to a 
lower potential (VL) . Here, the FET (Ql) is OFF. 
[0031] 

The x2 booster as shown in Fig. 3, incorporating 
the foregoing structure, has a high switch section 34 
and a low switch section 35, which come into operation 
according to a switching clock which is inputted from a 
switching clock input terminal 3 2 , and booster flying 
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capacitor 36 and output capacitor 37 which' are. switched 
by the switching operation of these switches. With 
these elements, the x2 booster raises the input voltage 
of the voltage input terminal 31- two times, so as to 
output the boosted voltage from the output terminal 33. 
[0032] 

Upon input of Vin to the voltage input terminal 31 
and a signal of Low level to the switching clock input 
terminal 32, the high switch section 34 and the low 
switch section 35 become connected to the Low level 
terminal. As a result, the voltage Vin is applied to 
the booster flying capacitor 36, storing charge 
therein . 

[0033] 

. Then, upon input of .a signal of High ..level to the 
switching clock input terminal 32,. the high switch 
section 32 and the low switch section 35 become 
connected to the High level terminal. Here, the booster 
flying capacitor 36 and the output capacitor 37 are 
electrically connected to each other, and the charge 
stored in the booster flying capacitor 36 in the 
foregoing operation is transferred to the output 
capacitor 37. By repeating these procedures, the output 
terminal 33 is charged to the voltage of 2 x Vin. 
[0034] 
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The following describes the power supply of the 
present invention according to the foregoing 
principles, with reference to Fig. 1. 
[0035] 

Each area 11, 12, 13 enclosed by a dotted line in 
Fig. 1 makes up the x2 booster as shown in Fig. 3. In a 
booster 11 of the first stage, the input voltage Vin to 
the voltage input terminal 14 is used to transfer 
charge from the booster flying capacitor CF1 to. the 
output capacitor CC1 by switching the high switch 
section S1H and the low switch section S1L using a 
signal from the first-stage switching clock input 
terminal 15. As a result, a voltage of 2 x Vin appears 
at junction A. 

. [0036] .. . 

In the second-stage booster. 12, the voltage of 2 x 
Vin appeared at junction A is used to transfer charge 
from the booster flying capacitor CF2 to the output 
capacitor CC2 by switching the high switch section S2H 
and the low switch section S2L using a signal from the 
second-stage switching clock input terminal 16. As a 
result, a voltage of 4 x Vin appears at junction B . 
[0037] 

Further, in the second-stage booster 13, the 
voltage of 4 x Vin appeared at junction B is used to 
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transfer charge from the booster flying capacitor CF3 
to the output capacitor CC3 by switching the high 
switch section S3H and the low switch section S3L using 
a signal from the third-stage switching clock input 
terminal 18. As a result, a voltage of 8 x Vin appears 
at junction C. 

[0038] 

In this manner, in the power supply of the present 
invention, the switching clock input terminals are 
independently provided for the first through third 
boosters 11 through 13, and switching clocks of 
different periods are inputted to the respective 
terminals. This is different from the conventional 
arrangement where switching clocks of the same period 
are inputted to all booster stages.. . . 
[0039] 

Fig. 4 shows exemplary waveforms inputted to the 
switching clock input terminals of the boosters 11 
through 13 of the respective stages. 
[0040] 

CL.K1 is the switching clock inputted to the first - 
stage booster. Similarly, CL.K2 and CLK3 are the 
switching clocks inputted to the second- stage booster 
,and third-stage booster, respectively. In the present 
embodiment, CLK2 is set to have a period two times that 
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of CLK1, and CLK3 is set to have a period four times 
that of CLK1 . Further, due to circuit designs, all the 
switching clocks are in synchronism with one another. 
However, it is not necessarily required to synchronize 
the timings of the switching clocks. 
[0041] 

In order to determine conversion efficiency of the 
power supply having the foregoing arrangement, a load 
resistance VR was connected to the circuit of Fig. 1 
and the current lout through the load was varied, so as 
to determine input power and output power. The 
frequency of CLK1 was set to 3.6 kHz because the 
frequency of this value can be easily obtained from the 
internal clock of the liquid crystal display device. 
[0042] ■, ■ 

The result is indicated by ■ in Fig..- 5, where the 
horizontal axis indicates load current lout (mA) , and 
the vertical axis indicates conversion efficiency (%) . 
Assuming the liquid crystal display device, the 
variable range of the load current was 0.0 6 mA to 0.2 
mA. 

[0043] 

Note that, Fig. 5 also shows the result of 
measurement, indicated by ♦, of a conventional example 
in which the same measurement circuit was used to 
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measure conversion efficiency with respect to CLK1 
which was inputted to all the switching clock input 
terminals. Specifically, CLK1 (3.6 kHz) of Fig. 4 was 
inputted to the switching clock input ' terminals 15 
through 17 of the block diagram of Fig. 1, so as to 
operate all the switch sections with the same period. 
[0044] 

As can be seen from Fig. 5, the conversion 
efficiency of the present example is improved over the 
conventional example with respect to the entire 
measurement range . 

[0045] 

Note that, the present embodiment described the 
boosters of three stages. However, the present 
invention is not limited to this arrangement and is 
also applicable to two or more stages of . boosters . 
[0046] 

Further, the present . embodiment described the 
power supply as a display device, using the liquid 
crystal display device as an example to measure 
conversion efficiency. However, the present invention 
is not just limited to the liquid crystal display 
device and is applicable to display devices of other 
varieties in general. Further, the present invention is 
also applicable to electrical devices with these 
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display devices, for example, such as OA devices, 
including word processors and personal computers; AV 
devices for handling images; and other electrical 
devices, including portable information terminals and 
portable phones. 

[0047] 

[EFFECTS OF THE INVENTION] 

As described, a power supply of the present 
invention is provided with n (n being an integer of 2 
or greater) boosters of the charge-pump system, and 
boosts an input power voltage using these boosters, 
wherein each booster carries out the charge-pump 
operation using one or two kinds of potentials, which 
may be the input power voltage and/or potentials which 
.were created in the preceding boosters, and the clocks 
for .carrying out the charge-pump. . operation of the 
boosters have periods which are partially or entirely 
different from one another.. This enables each booster 
to come into operation under optimum conditions for a 
given load, thereby improving voltage conversion 
efficiency of the entire power supply. As a result, 
voltage conversion efficiency of the entire power 
supply can be improved. 
[0048] 

Further, the power supply is also applicable to a 
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display device. In this case, power consumption of the 
display device and thus of the electrical device 
incorporating the display device can be reduced, 
thereby extending the life (battery life) of the 
electrical device . 
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